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Abstract 
Purpose- The purpose of this paper is to assess how the needs of knowledge workers are 
affected by role, gender and age in relation to the size and design of the workspace.   
Design/methodology/approach- This case study research project aims to develop a model of 
the real time use of a workplace to establish work use patterns and assist in understanding how 
such usage is evolving particularly in relation to task, gender and age. The work use patterns will 
enable better understanding of the link between space management, building design and its 
subsequent facilities management. A Property Developer͛s office in North West England was 
used as a case study. Within the case study a multi method longitudinal study was carried out 
and data was collected using participant observation, bespoke real time sensors and 
questionnaire techniques. 
Findings- The findings suggest that the key to enabling workplace efficiency and effectiveness 
rests with its smart and agile design, as well as management culture. The introduction of smart 
space planning techniques may be a catalyst to allow workers to thrive and be more effective 
within a more agile working environment. 
Practical Implications-This research provides organisations, designers and facility managers 
with the tools to understand the impact of agile working, particularly as space encompasses 
social, environmental and financial aspects; the three pillars of sustainability.  Researchers have 
focused on a range of variables such as air quality and colour, largely ignoring the impact that 
real time data could have on the workspace design and decision making process.   
Originality and Value- By developing real-time sensor systems, which will facilitate the 
continuous monitoring of office-based workspace the establishment of workspace usage 
patterns, will assist in understanding how such usage is evolving. This will allow organisations to 
enhance their sustainability and effectiveness through improved space management, building 
design and ongoing facilities management. 
Keywords: agile working, facilities management, modern methods of working, offices, 





The aim of the research is to expand on the suggestion that workplace design hinges on the 
inter-relationship between three key drivers of an organisation namely its: Purpose; Process; 
Place, (Duffy, 1999). Surprisingly ͚People͛ is missing from this discussion which provides the 
ƌeseaƌĐh oppoƌtuŶitǇ to eǆpaŶd oŶ DuffǇ͛s ǁoƌk fƌoŵ a huŵaŶ peƌspeĐtiǀe. 
To achieve this aim, a model of the real time use of a workplace was developed in order to 
establish work use patterns, which will go some way to assisting in the understanding of how 
such usage is evolving, thus enabling sustainable, smartly space planned workplaces to be 
designed.  
Further considerations are how the various types and styles of agile working, such as hot- 
desking, telecommuting etc. success can be influenced by the organisations culture, with 
particular reference to the profession, age and gender profiles of the workforce.  
The first objective of this study, was to gain knowledge and understanding of the reasons why 
space planning and modern methods of working are evolving.  In order to fulfil this objective, a 
literature review was undertaken examining the various changes and evolutions that the 
workplace as changed and developed over time.  The primary reason for the change, as per the 
findings of the literature review, is the needs of the workforce.  Generational differences in the 
workplace mean that people do not work all the same way as flexible working becomes more 
of a priority.  Ultimately, the literature review revealed that there are no standardised and 
blanket solutions that can be applied to changing workplace needs and it is up to the office 
provider to meet those needs.  
The second objective was arguably the key to the study and meeting the aim.  It required the 
measurement of the real time use of an office based workplace using longitudinal sensor 
systems based upon a series of physical observations.  Patterns and trends could then be 
established across comparable office divisions such as department, gender and age.   
The third objective was to use the data collected from the observations, longitudinal sensors 
and questionnaire and model it to show the real time usage.  From the models, could it be 
ascertained that the office is under used.  If this can be demonstrated then from a space 
planning perspective, there is a considerable opportunity to design and create, a better and 
more efficient use of the space.  By being able to accurately anticipate how often the desks are 
going to be used and who is going to use them, accurate modern office design techniques can 
be implemented successfully to utilise methods such as hot-desking and hoteling on a regular 
basis. 
Workspace Trends 
In the UK, workspace per person is decreasing almost annually, with the allocated space for 
office workers standing at 12m² per person (Colliers, 2012), and students in higher education 
receiving only 8m² (Gov. UK 2011).  Architects and planners currently follow the British Council 
for Offices (BCO) recommendation of between 10m²-15m² space per person; whereas UK 
Workplace (H&S) Regulations 2002 stipulate 11m³. With this in mind, there remains the 
possibility that businesses are in fact leasing more office space than they actually need if there 
are many employees working remotely. If they were to implement agile working solutions, such 
as hot-desking, they would potentially require less space and therefore make a cost saving based 
on the reduction of rent and service costs, in terms of providing power, heating and cooling to 
  
their office space. Placing this into a sustainability context, if six organisations occupy two floors 
of a building and they can reduce their workspace to one floor each, this would suggest a six 
storey building does not have to be constructed, heated, cooled and maintained.  
To achieve this employers, need to make provisions for changing environmental, social and 
financial individualities of the employees. It can be argued that they are the three fundamentals 
of sustainability and therefore, they must be met in order to create a sustainable working 
environment; not only in relation to environmental impact but in terms of employee wellbeing 
by considering age, gender as well as the role undertaken. 
Space Planning and Agile Working 
As remote working and telecommuting become more common, office based businesses have to 
adjust and change the level of service they provide to their employees to cater for this trend.  
The American Institute of Architects (Addi & Lytle, 2000) defines space planning as the process 
of:  
͞diǀidiŶg up aŶd ďloĐkiŶg out iŶterior spatial areas aŶd deǀelopiŶg plaŶs aŶd layouts for furŶiture 
and equipment placement. Space planning considers numerous design parameters including the 
ĐlieŶt’s goals, orgaŶisatioŶal struĐture, spaĐe alloĐatioŶ Đriteria aŶd ĐirĐulatioŶ aŶd ǁorkfloǁ 
patterns all within the constraints of relevant design regulations and the physical building 
eleŵeŶts.͟  
This definition surmises that space plans are bespoke to individual businesses, as every firm will 
have different ways of working and different levels of collaboration between office departments. 
As suĐh, it ĐaŶ ďe aƌgued that spaĐe plaŶŶiŶg is aŶ iŵpoƌtaŶt paƌt of a ďusiŶess͛s occupation of 
office space.  
Drucker (1992) suggested the traditional factors of production: land; labour and capital would 
become secondary to knowledge, and Becker (1992) further commented that organisational 
effectiveness was reliant upon good design, as well as technology aligned closely with 
organisational culture and practice. The knowledge worker is now considered to include not only 
the traditional professions but also most executive and managerial roles (Erlich & Bichard ,2008). 
These points led to the view that space needed to be managed efficiently and resulted in the 
ĐoŶĐept of the ͞NoŶ-Teƌƌitoƌial OffiĐe͟. The foĐus ǁas upoŶ joď fuŶĐtioŶs as opposed to 
activities and this work was clarified by Duffy (1999) by suggesting workplace design hinges on 
the inter-relationship between three key drivers of an organisation namely its: Purpose; Process; 
Place. Surprisingly ͚People͛ is missing from this discussion which provides the research 
oppoƌtuŶitǇ to eǆpaŶd oŶ DuffǇ͛s ǁoƌk fƌoŵ a huŵaŶ peƌspeĐtiǀe. 
Lindsay (2012) indicates that activities in the workplace can be linked and grouped in four key 
eleŵeŶts, ͞foĐus, Đollaďoƌate, leaƌŶ aŶd soĐialise͟.  Thƌough Đaƌeful ĐoŶsideƌatioŶ of these fouƌ 
areas, companies can achieve the full power of the workforce by harnessing the workplace to 
drive forward innovation and business objectives.  The research also found that top ranked 
companies had better designed workplaces than others, which focuses attention on the link 
between business performance, and workplace design. 
  
The laǇout of the ǁoƌkplaĐe is eŶtiƌelǇ tailoƌed to a teŶaŶt͛s oƌ oĐĐupieƌs Ŷeeds iŶ oƌdeƌ that 
worker collaboration and departmental cooperation can be efficiently managed through the 
arrangement of workflows and circulation. In recent years, the trend towards office design has 
been focused towards creating an open plan working environment; the International Facility 
Management Association (2013) estimates that around 70% of office based workers work in 
open plan offices, according to a study of 424 facilities management professionals (Feintzeig, 
2014). They found that generally open plan offices were more economical and flexible. Without 
dividing walls, there is room to house more employees and there is significantly less 
unproductive space ;O͛Neill, 2008). It follows that the offices would be easier and more cost 
effective to heat and cool as well as taking advantage of the natural light uninterrupted space 
provides. All significantly reducing the environmental impact. Open space also provides for 
improved communication and exchange of information between workers and it is appreciated 
the sense of community that this working environment can provide.   
There are, however a number of disadvantages associated with the growing trend of designing 
open plan offices.  The University of Sydney, (Jungsoo, & de Dear, 2013) conducted a survey with 
42,000 responses from 303 office buildings across the U.S.A, Finland, Australia and Canada 
ǁhiĐh ideŶtified ǁoƌkeƌs͛ dissatisfaĐtioŶ ǁith this tǇpe of ǁoƌkspaĐe. The key findings stated 58% 
of respondents were dissatisfied with the level of noise privacy; in addition, 20%-40% of 
respondents expressed high levels of dissatisfaction with their level of visual privacy. These 
negative effects are widely recognised when discussing open place workspace but the 
organisational gains are often viewed as taking precedence over individual concerns. As a result, 
businesses are increasingly looking for ways to improve their space planning and thereby 
enhance employee productivity.  One such way is to engage with smart space planning 
techniques. 
Smart Space Planning 
Space per person in the UK is decreasing almost annually; this is due to the ever developing 
workplace.  Then (2011Ϳ Đlaiŵs that ͞teĐhŶologǇ dƌiǀeŶ Đapaďilities that iŵpaĐt work and 
ǁoƌkplaĐe desigŶ ǁill ĐoŶtiŶue to eǀolǀe͟, theƌefoƌe ĐoŶstaŶtlǇ ĐhaŶgiŶg the ǁaǇ ǁe ǁoƌk, 
along with the environment we work in. 
The next part is technology, which plays a key role in current literature on the continual 
evolution of workplaces.  Perske et al (2009) point to the case that technology has made mobility 
inescapable, and in order for worldwide organisations to stay competitive and financially viable 
they must take this on board.  Then (2012) makes the case that technology driven capabilities 
will continue to evolve, and given the diverse nature of modern and future corporate cultures 
no one size will fit all.  Furthermore, (IbidͿ aƌgues that ͞the ƌesultiŶg Đoƌpoƌate ǁoƌkplaĐe ǁill 
be a resolution of many factors: 
 ͞Natuƌe of ďusiŶess and business delivery processes;  Nature of work and work-enabled tools and systems;  Corporate culture and its values;  Coƌpoƌate ǀisioŶ of its futuƌe͟. 
 
  
Technology and cost are going to be the driving factors behind most changes to the workplace, 
which will mean drastic changes to the workplace design. 
Both the British Council for Office (BCO) and the Workplace Regulations (1992/2002) provide a 
basis for design with regards to workplace density. The BCO Guide to Office Specification (2014) 
recommends a workplace density in the region of 8-13m2 whilst the Regulation 10 of the 
Workplace Regulations provide for an area of 11m3 per person. This would suggest a space of 
approximately 4m2 per person based on a floor to ceiling height of 2.7m as suggested in the BCO 
Guide to Office Specification. These recommendations are based around assumptions that there 
is a fixed density and as such do not consider the fluid densities that arise from modern methods 
of working such as hot-desking. 
Hot-Desking 
The Business Dictionary (2015) defines hot-deskiŶg as ͞the pƌaĐtiĐe, iŶ aŶ offiĐe of alloĐatiŶg 
desks to workers when they are required or on a rota system rather giving each worker their 
oǁŶ desk͟. 
A qualitative study into the effects that hot-desking may have upon organisational and team 
identities found that its use in an office based environment gave workers a sense of mental and 
social liberation. This in itself caused greater empowerment amongst those who were not 
assigned specific desks compared to those who were. The study focused on the impact hot-
deskiŶg had upoŶ a ǁoƌkeƌ͛s ideŶtitǇ ǁithiŶ theiƌ teaŵ aŶd seĐoŶdlǇ ǁithiŶ theiƌ oƌgaŶisatioŶ 
as a ǁhole. The iŶǀestigatioŶ ǁas ĐoŶduĐted iŶ ͞a ŵajoƌ iŶteƌŶatioŶal fiŶaŶĐial aŶd ďusiŶess 
services consultancy that had recently introduced a number of virtual working initiatives, 
including hot-deskiŶg aŶd teleǁoƌk͟ ;LǇŶŶe et.al.2007). Results found that being spatially 
dispersed did not alienate employees but changed their focus more strongly towards engaging 
with the team through electronic media such as email. That being said, the overall conclusion of 
the study found that team and organisational identification was higher for those observed who 
were assigned specific desks. It can therefore be deduced that, while workers may feel more 
liberated by not having a specific desk, they are ultimately more isolated than those who have 
a stable desk location. 
Along a similar theme Yahoo! conducted research which suggested teleworkers became 
distanced from the knowledge input of their organisation and as a result they now adopt the 
policy of all workers attending their allocated office. As an organisation Yahoo! believe this 
breakdown in knowledge flows was seriously affecting their competitive advantage and 
therefore the real estate cost increase in following this strategy were outweighed by increased 
profitability through improved processes (Forbes 2013). 
Telecommuting 
There are many definitions of telecommuting, also known as telework, remote working or e-
working, as it can mean many different things to different companies who utilise the concept. 
The European Commission (2001) defines it as:  
͞a ŵethod of orgaŶising and/or performing work in which a considerable proportion of an 
eŵployee’s ǁorkiŶg tiŵe is: aǁay froŵ the firŵ’s preŵises or ǁhere the output is deliǀered; aŶd 
  
when work is done using information technology and technology for data transmission, in 
partiĐular the IŶterŶet.͟  
 As with hot-desking, telecommuting is becoming a common occurrence within the office based 
work industry. In the first three months of 2014, there were approximately 4.2 million home 
workers in the UK equating to 13.9% of the total workforce (Office for National Statistics, 2014). 
It could be contended, however, that this statistic is not a true reflection of telecommuting as 
many of those surveyed may be self-employed and therefore would not fall under the above 
definition.  
There are numerous benefits associated with telecommuting for both the employee and 
employer. The employee will see benefits with greater control over their social and working life. 
By having more control over their working environments and time spent working, to a certain 
extent, it can lead to higher job satisfaction and morale. Based on this, the employer will see 
benefits from improved productivity due to higher morale of the employee (Johnson, 1994).  
There are, however, disadvantages of telecommuting and remote working to the employer and 
employee; primarily in the form of the logistics associated with it. Relationship building is 
undoubtedly significantly harder with limited face to face contact, as the telecommuter relies 
heavily on electronic media and ICT to maintain communication with the rest of the organisation. 
A level of trust also needs to exist between the employer and employee, as the employer needs 
to be sure that the employee is actually working (Stanek, 1995). 
The Workplace Generation Gap 
There are currently four generations of workers in the employment market and managing their 
differences in terms of needs and general work ethic is becoming a greater challenge as 
working methods and practices evolve.  It was put forward in an article written for Farleigh 
Dickinson University in New Jersey, that each of the four generations have varying workplace 
characteristics and, as a result, they interpret, communicate and undertake work very 
differently; the information below shows a summary of the key characteristics (Hammil, 2005).  
  
 
 From Table 1, it can be derived that no single rigid working system can be employed to suit all 
work types.  For example, it can be argued that there is complete disparity in the feedback and 
rewards characteristic between all four working generations.  As a result, businesses 
employing workers that fall under different generations will have to tailor to their specific 
needs.  When put into the context of modern working methods, it could be said that the 
ĐhaƌaĐteƌistiĐs of a ͚GeŶeƌatioŶ Y͛ ǁoƌkeƌ ǁill suit the philosophies assoĐiated ǁith 
telecommuting or hot-deskiŶg ŵuĐh ŵoƌe thaŶ a ͚VeteƌaŶ͛ ǁoƌkeƌ.  This is pƌiŵaƌilǇ due to the 
͚GeŶeƌatioŶ Y͛ ǁoƌkeƌs tǇpiĐallǇ haǀiŶg ďetteƌ ŶoŶ-personal communication skills through 
media such as email and voicemail; skills which are vital for teleworkers.   
To contrast that assumption, however, Lister and Harnish (2011) study in the USA found that the 
aǀeƌage teleĐoŵŵuteƌ is of the ͚BaďǇ Booŵ͛ geŶeƌatioŶ ;aƌouŶd 4ϵ Ǉeaƌs oldͿ.  The ƌepoƌt 
argues that this could be for a number of reasons.  Firstly, it suggests that senior workers have 
earned the required trust that is essential for teleworking.  Secondly they are less likely to be 
concerned that working from home will impact on their advancement opportunities, which is an 
issue often associated with younger workers. 
   Table 1: Key Characteristics of Workforce Generations 
Adapted from: (Hammil, 2005) 
  
An oppoƌtuŶitǇ foƌ this ƌeseaƌĐh is to defiŶe the ƌeƋuiƌeŵeŶts of eaĐh of the ͚geŶeƌatioŶs͛ aŶd 
to further consider, is there an additional impact added to the debate by allowing for gender 
and professional role? 
‘etuƌŶiŶg to DuffǇ͛s (1999) suggestion that workplace design hinges on the inter-relationship 
between three key drivers of an organisation namely its: Purpose; Process; Place, this research 
aiŵs to eǀaluate the iŵpaĐt ͚People͛ have in workspace design and occupation. 
As such the aim of this research is to expand on the suggestion that workplace design hinges on 
the inter-relationship between three key drivers of an organisation namely its: Purpose; Process; 
PlaĐe, ;DuffǇ, ϭϵϵϵͿ. “uƌpƌisiŶglǇ ͚People͛ is ŵissiŶg fƌoŵ this discussion which provided the 
ƌeseaƌĐh oppoƌtuŶitǇ to eǆpaŶd oŶ DuffǇ͛s ǁoƌk fƌoŵ a huŵaŶ peƌspeĐtiǀe. 
 
Research Methodology 
The case study in question, which was used to gather all of the data, is an office situated in a 
high-rise office building based in central Manchester, UK.   There are a number of practicalities 
as to the selection of the case study:  
 Location, it is less than 30 miles from the research base;  
 Access to the building and the company; and   
 An organisation operating within the property industry – buy in to the findings 
The office has a net internal area of 807.6m² and a total volume of 2,035m³.  With those values 
in mind, the workplace density can be calculated; both the total allocated density and the 
observed, real time density.  An office seating plan was acquired and, based on the total number 
of desks each department had been officially allocated, the maximum number of people the 
office can accommodate is 129.  Of this number, a certain portion are specifically assigned as 
hot desks though this number changes slightly over the course of the five observations as new 
workers are recruited or move offices.  It was calculated that the maximum workplace density, 
given the maximum occupancy in terms of desk numbers was 6.26 m².  This is considerably less 
than the recommendation set by the British Council for Offices; though according to a 2001 
paper by the RICS foundation and Gerald Eve, it may be following a trend.  The overall national 
median in 2001 for office workplace density was 14.9m², compared to 15.2m² in 1999 (Gerald 
Eve & RICS Foundation, 2001).   If this was to be extrapolated as shown in figure 8, the increase 
in density certainly follows a pattern that has been set from 1997 to 2001, where the 2015 value 
is the 6.26m² as calculated for this case study.  That being said, no data was available for the 
years between those specified, which means it is difficult to validate the findings without having 
further comparisons to make.  When taking into account the 2014 BCO specifications, the fall in 
spatial allocation is significantly more drastic than the previous years, and it could also be said 
that the trend in the average density does not correlate with the BCO specification with any 
significance.  Further to that, the BCO produced another report which explored the issue in 
further detail (British Council for Offices, 2013).  They identified that the real estate sector had 
the highest average mean density of 9.9m², which is substantially low when compared to 
industries such as Legal (20.9m²) or Insurance (13m²). 
The objectives of the study involved quantifying the measurements of work space use through 
a longitudinal sensor survey as well as quantitatively analysing responses to a questionnaire 
  
directed at obtaining the Đase studǇ͛s offiĐe ďased ǁoƌkeƌs͛ opiŶioŶs oŶ theiƌ, ǁoƌk aŶd 
effectiveness. It was viewed this would achieve the research aim of expanding on the suggestion 
that workplace design hinges on the three key drivers of an organisation namely its: Purpose; 
Process; Place, (Duffy, 1999), by adding ͚People͛ into the process. 
Notwithstanding that, the level of qualitative detail that the survey delved into was not 
extensive as it was aimed at providing comparable statistical data to the actual quantitative 
research in the form of the observations and the longitudinal sensor study. By triangulating the 
observational research, bivariate statistical data and RFID sensor information an understanding 
of the link between role, age and gender can be made. 
In a similar scenario, Bloom et al (2014), conducted quantitative research whilst investigating 
whether working from home works in a Chinese call centre. The study measured the productivity 
of workers who were working from home, compared to those working in the call centre through 
quantitative analysis, thus allowing conclusions to be drawn and a hypothesis to be formed. 
The study had a phenomenological foundation whilst also considering ethnographic influences, 
in that the case-study is essentially the analysis of phenomena to gain a further understanding 
and compare information across different social groups, as defined by Smith (2011).   
In the perspective of this piece of research, the phenomenon was the working habits of 
individuals working in an office environment and how they evolved over time.  The ethnographic 
influences appear when the phenomenon is compared and contrasted throughout the different 
ethnographic groups working in an office; the underlying trait being the relative generation of 
the specific office worker.  Further segregations can be made through idiosyncrasies such as age 
of the worker and the department they work.   
To carry out the investigation as stipulated, a number of tools were employed to gather the 
information.  The following methods of data gathering were used in an open plan office of a 
commercial property company, based in Manchester, UK: 
 Observations;  Desk Monitoring;  Questionnaire; and  Data Analysis. 
Observations 
Observational research, at its core, allows participants to be observed in their ͚Ŷatuƌal haďitat͛ 
(McQueen and Knussen, 2006).  The reasoning behind its use stems from the requirement to 
examine the working habits of the workers in an office environment.  The observations would 
ǀisuallǇ assess, as a ͚sŶapshot͛ iŶ tiŵe, hoǁ ŵaŶǇ desks were being used and how much of the 
office support space was being used, all relative to the actual office density. Five working days 
is the common observation length for spatial usage surveys within the space planning industry 
and as such this has been mirrored.  
Acknowledging this short time period, it was determined that five observations would be made 
each on a different day of a different week to encapsulate a range of working habits and 
activities.  As a ƌesult of this, the oďseƌǀatioŶs, as a ͚sŶapshot͛ iŶ tiŵe, ǁould eŶaďle ĐalĐulated 
assumptions to be made for office occupation at a given time.  Spreading the observations would 
eliminate the potential for specific events to distort the observational data. The breakdown of 
the time and date is illustrated in Table 2. 
  
Table 2: Observation time and date breakdown 
 
As the table shows, each observation was made eight days after the previous to continue the 
run of consecutive days in successive weeks.  The rationale behind this was to provide a range 
of data to suggest ǁhat oĐĐuƌs oŶ a ͚tǇpiĐal͛ daǇ of the ǁeek.   
The mechanics of the observation saw each department of the office broken out into the 
number of desks each had been allocated by the business and then that could be compared to 
how many were actually being used. This model could then be applied to every department in 
the office.  Once these results are captured, the workspace density can be calculated and 
compared to the British Council for Offices (BCO) and UK Workplace (H&S) Regulations 2002, 
Regulation 10 specifications for workplace density.  After this is established, an accurate 
estimation could be made to suggest how much office space is currently being unused. 
In the case of this study, the observations are of an overt and non-participatory nature which 
means that there is a possibility of the Hawthorne effect influencing the results.  In order to 
mitigate that, desk monitoring sensors were used as a covert observation.   
Desk Monitoring 
The challenge in undertaking observations is the time consuming nature of the process and the 
cost, hence the accepted norm of one week. This is a short period of time in which to make 
informed decisions. With that in mind the Radio Frequency Identification (RFID) desk monitoring 
sensors were used over a longer period to confirm/contradict the findings and to ensure that 
steps had been taken to minimise the Hawthorne effect.  Each sensor was equipped with a 
motion sensor as well as a heat sensor and was installed under a selection of desks to detect 
whether or not the desk was in use. 
Due to the limited number of sensors available, the sensors were installed in such a way as to 
get a representative sample of the office population who were likely to be away from their desks 
for an extended period of time.  The observations would be able to determine if there are 
depaƌtŵeŶts that Đould ďe ĐoŶsideƌed ͚statiĐ͛; ǁoƌkeƌs within specific departments that spend 
the majority of their time at their desk.  Depending on the results, the sensors were not to be 
installed on those particular desks as by doing that there could be no further knowledge gained.   
Out of the fifteen sensors available, ten would be live and would measure the frequency of desk 
use; however, the remaining five would be placebos and would be placed at other points, under 
other desks, around the office.  The reason for the placebo sensors is to try and limit the extent 
that people think they are being singled out, which may alter their natural behaviour and 
therefore the overall results, thus mitigating the Hawthorne effect. 
Observation Time Day Date 
1 09:30-11.30 Monday 19th January 2015 
2 11:00 -13.00 Tuesday 27th January 2015 
3 12:30 – 12.30 Wednesday 4th February 2015 
4 14:00 -16.00 Thursday 12th February 2015 
5 15:30 – 17.30 Friday 20th February 2015 
  
Each sensor was wirelessly linked to a receiver connected to a laptop computer which then 
records the motion and heat readings, synchronising the results every 30 seconds.  They were 
in place for a total of two weeks constantly taking readings, which can then be categorised by 
sensor, by day, to be analysed.  
Questionnaire  
The third method of data gathering was the employment of a questionnaire.  Whilst the 
observations and sensor system provided raw numerical data, the questionnaire was able to 
delve deeper into the perceptions and subjective opinions of the workers to add another 
dimension of data gathering.  One of the primary advantages of undertaking a questionnaire is 
that large amounts of data that can be obtained in a relatively short amount of time.  As the 
questionnaire was extended to all of the workers in the office in question, of which there are 
around 100, the results could be collated and analysed in a relatively short amount of time 
compared to undertaking alternative research method such as an interview.  This was viewed to 
be of benefit as there were a limited number of sensors, and the observations would not be able 
to itemise characteristics such as age and gender whereas the questionnaire could.  Further to 
that, the data can be quantified and compared more easily with the results of the observations 
and sensor survey.  
The questionnaire was predominantly aimed at gaining an understanding into people͛s 
perceived and tangible working habits.  The information was then mapped to the analysed 
quantitative data, ethnographically or by age, and went some way to determining the reasons 
why modern methods of working are successful for certain people, or not as the case may be. 
The questionnaire focused on the sustainability aspect of modern working methods, aiming to 
investigate the most common form of transport people use to get to work, how often they 
socialise with their colleagues and how modern working methods may affect productivity. 
Workforce commuting can have a large impact on an organisations carbon footprint and for 
some employers is a driver behind the adoption of agile working. 
Data Analysis 
The quantitative observational and sensor data analysis was viewed from a bivariate approach 
as it looked at the links between the two sets of results and associations between the two. The 
outcomes of the sensor data took a supportive role in the analysis of the observations, 
substantiating whether or not what is observed is a true reflection of what occurred over an 
extended period of time.  The selected software to carry out the statistical analysis was SPSS.  
The key reason for the utilisation of SPSS was its ability to itemise and dissect large quantities of 
information in a relatively short space of time.  Data is represented in a diagrammatic format 
through the use of graphs and charts to show the relationships between different variables.  As 
a result, more direct comparisons and connections can be made between themes and more 
accurate conclusions can be drawn.  Ultimately, a Pearson Correlation calculation was used to 
determine, mathematically, the extent two variables depend on each other. 
The introduction of the questionnaire results will allow further analysis through inferential 
statistics; mainly focusing around the variables of age and gender.  This is important as it will 
show differences or similarities in working habits and methods between the different 
generations and genders in the office.   
 
  
Findings and Implications for the Office  
Observed Densities 
The observations were taken as a snapshot in time on five sequential days of the week through 
five consecutive weeks (Table 1).  From the observed occupancy, the density can be calculated 
and then compared to maximum density and the other values. 
Table 3: Observed Office Densities 
 
Table 3, shows throughout the observational period across the five different days of observation, 
the maximum occupancy was never reached and the highest amount of desks in use compared 
to the maximum was 96, equating to 74%.  Additionally, on that particular day (Thursday 12th 
February), there was a companywide presentation to be held at an offsite location, in 
Manchester, shortly after the time of the observation.  This would indicate that despite the fact 
that a companywide event was to be held that day, the office still did not reach maximum 
occupancy.  A mitigating reason for this, however, could be that other transport had been 
arranged for those employees who do not work from the central Manchester office. 
The observed densities are far more comparable to the averages and benchmarks as stipulated 
by the BCO.  The densities range from between 8.4m² and 11.7m² which are within the BCO 
range of 8-13m² per person.  This means that, despite the fact that there is a maximum 
occupancy for the office, the most common occupancy levels indicate workers have comfortable 
working space from a space planning point of view.   
The observations also took non-work space interactions into account and noted the amount of 
people that were convening or interacting at other points around the office.  The office had one 
dedicated ten-person meeting room; one six-person tea point; and a 24 person break out area.  






Observation Total Number of 
Desks in use  
(X/129) 
%  of total Observed Workplace Density 
(m²) 
1 (19/01/15) 72 55.8 11.22 
2 (27/01/15) 80 62 10.1 
3 (04/02/15) 69 53.5 11.7 
4 (12/02/15) 96 74 8.4 
5 (20/02/15) 80 62 10.1 
  
Table 4: Office Density Including Other Interactions 
Observation Desks In Use Including other 
interactions 
Total Possible Density 
(m²) 
1 (19/01/15) 72 84 9.61 
2 (27/01/15) 80 87 9.28 
3 (04/02/15) 69 72 11.22 
4 (12/02/15) 96 100 8.08 
5 (20/02/15) 80 90  8.97 
 
Table 4 shows that even when taking into account the total number of people using the office 
support facilities such as tea point, break out area and a dedicated meeting room, the total 
possible workplace densities are still within the ranges specified by the BCO. 
The highest number of occupants, which would allow a density of the lowest range (8m²) in the 
807.6m² office, is 100 people.  This figure was only observed once and in the possible mitigating 
circumstances, as stated.  As a result, it could be held that the office in question, in this case 
study, could be effectively and smartly space planned if an average density of 8.08m² is used. 
Desk Use by Department/Role 
As well as taking density measurements, the observations also allowed an investigation into the 
general desk use and day to day working habits of different departments within the office.  The 
total number of desks that a department had been allocated was noted, along with the total 
number of desks that were in use at the time of the observation.  The results are shown in table 
5 and figure 1. 
Table 5 and figure 1, show the total number of allocated desks per department and express the 
average use over the course of the observations.  It can be appreciated that the most variance 
between total desks allocated and the average use is that of the dedicated hot desks.  In terms 
of actual office departments, the highest variance can be seen within the Building and 
Construction and Sales and Retention teams with desk variances of 8.2 and 10.6 respectively 
and variance percentages consistently around 50%. The desk variance is based upon the number 









Table 5: Desk use by department 
  Observations    
Department Desks 
Allocated 











1 1 1 1 1 1 1 0 100 
Finance 17 14 16 16 17 17 16 1 94 
Commercial 
Finance 
8 7 7 5 8 8 7 1 88 
IT 5 5 3 4 4 3 3.8 1.2 76 
Serviced 
Space 
4 3 4 3 2 3 3 1 75 
Professional 
Services 
11 8 7 8 9 8 8 3 73 
Design 3 3 2 0 3 3 2.2 0.8 73 
Sales Force 3 2 2 0 3 3 2 1 67 
Marketing 9 4 7 5 7 6 5.8 3.2 64 
HR 12 6 7 4 10 9 7.2 4.8 60 
Development 4 2 3 3 3 1 2.4 1.6 60 
Building & 
Construction 
18 8 10 12 10 9 9.8 8.2 54 
Sales & 
Retention 
19 8 9 6 12 7 8.4 10.6 44 
Hot Desks 15 1 2 2 7 2 2.8 12.2 19 
          
Total 129 72 80 69 96 80 79.4 49.6 61.55 
  
Overall, across all observations, the average variance throughout all departments is 49.6 desks, 
meaning out of the 129 desks only 79.4 on average are in use.  This equates to a total of 38.45% 
of desks, on average, were not in use at a given time on a given day.  It could also be said that 
the workers most likely to be away from their desk at a given time are those in the Building and 
Construction, along with Sales and Retention departments. 
Figure 1: Desk use by department 
Comparisons to Sensor Data 
As a result of the findings in Table 5, the sensors were installed on randomly chosen desks 
belonging to workers in the Building & Construction, and Sales & Retention departments with 
the aim of confirming the observations and minimising the impact the Hawthorne effect may 
have had.  No personal data was collected and the acceptance of desk monitor was entirely 
ǀoluŶtaƌǇ, this eŵphasised the oƌgaŶisatioŶs Đultuƌe that aĐĐepted ͚if Ǉou aƌe Ŷot at Ǉouƌ desk 
Ǉou aƌe ǁoƌkiŶg soŵeǁheƌe else͛. A total of ten sensors were installed under the desks of the 
ǁoƌkeƌs ĐoŶsideƌed to ďe iŶ the ͚ŵoďile͛ depaƌtŵents, while the remaining five placebo sensors 
ǁeƌe plaĐed uŶdeƌ the desks of those ĐoŶsideƌed to ďe iŶ ͚statiĐ͛ depaƌtŵeŶts.  As the seŶsoƌs 
were in situ for a total of two weeks, there were approximately 25,000 readings taken per unit, 
arguably too many for an effective holistic analysis.  As a result, the modelled data has been 
chosen to show use on a typical day.  The following graphs represent a selection of data 
representing the temperature and detected motion of a worker in one of the two departments 
as above.  In order to carry out the analysis, the points at which there was movement and 
temperature detected which would represent a person at a desk, the figures have been assigned 
a ϭ oƌ Ϭ depeŶdiŶg oŶ the seŶsoƌ ƌeadiŶg. The ϭ ƌepƌeseŶts ͚iŶ use͛, ǁhile Ϭ ƌepƌeseŶts ͚Ŷot iŶ 
use͛. 
It should be noted that the observations and the desk sensor data cross referenced each other; 
the observations as stated earlier were brief and open to misrepresentation, the desk sensors 
were in the pilot stage of development and limited in number. Once confidence in the capability 
of the desk sensors had been gained, future projects could dispense with the observational 
element of the process. 
The professions selected were based on the observations made earlier in the study that 


























































































































































































Figures 2 and 3, provide an illustrative breakdown of the average daily desk use of those specific 
workers and professions.  Overall, the real time desk usage appears to be relatively low, however it 
becomes more extreme when taken as a peƌĐeŶtage of the ǁoƌkeƌs͛ oǀeƌall ǁoƌkiŶg daǇ.  IŶ the Đase 
of the folloǁiŶg aŶalǇsis, aŶd also as aďoǀe, a ͚ϭ͛ ǀalue ǁas applied to eǀeƌǇ tiŵe the seŶsoƌ ŵeasuƌed 
ŵoǀeŵeŶt oƌ heat, iŶdiĐatiŶg the desk ǁas iŶ use.  As ǁell as that, a ͚ϭ͛ ǀalue ǁas applied for every 
ƌeadiŶg thƌoughout the ǁoƌkeƌ͛s daǇ, ƌegaƌdless of theŵ ďeiŶg at theiƌ desk, ƌepƌeseŶtiŶg a tiŵe ǁheŶ 
they could have been working there.  The results of this analysis are shown in Table 6. 
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Table 6, clearly indicates that those people working in the Building and Construction and Sales and 
Retention departments spend a significant amount of their working day away from their desk, up to 
as much as 77%.  A consequence of this is it could be supposed that the results from the observations 
are, indeed, a good reflection of the general working environment in the case study, albeit only ten 
sensors were used. 
Working Habits by Age 
Whilst the combination of observational and sensor data was able to address subjects such as 
workplace density and day to day desk usage, the questionnaire analysis aimed to provide an insight 
into the general working habits for a sample of the office based workers.  Out of the 129 maximum 
possible respondents, a total of 72 returned answers, though 11 of those were incomplete and subject 
to software malfunctions.  This meant that they could not be counted as part of the survey so a total 
  
of 61 sets of answers can be analysed.  Out of the 61 respondents, the age breakdown is shown in 
table 7. 
Table 7: Questionnaire Age Frequencies 
 Age Ranges Frequency Percent 
 
18-25 15 24.6 
26-35 32 52.5 
36-45 10 16.4 
46+ 4 6.6 
Total 61 100.0 
 
The table confirms that, out of those surveyed, 77% are aged between 18 and 35.  This would directly 
make these people belong to the Generation Y category and those aged between 36 and 45 would be 
Generation X, as well as those up to the age of 49.  This is an important statistic, as it implies that the 
vast majority of the workforce in this case study belong to the newest generation of workers and as 
such have a very unique way of working compared to those born pre-1980.  The features and 
characteristics of different generation workers were presented in Figure 1. 
Figure 4, demonstrates the relationship between the age of the respondents and how often they 
 have worked from home in the last month.  Although the majority of people surveyed stated they  
had not worked from home at all in the last month, the age category with the highest amount of  
home workers overall are the 26-35 category.   
Figure 4: Homeworking by Age 
This somewhat correlates with the working characteristics of Generation Y workers as per Table 1.  
However, there are a greater number of people that work more than six times a month from home in 
the GeŶeƌatioŶ X gƌoup thaŶ the GeŶeƌatioŶ Y͛s.  This Đould ďe foƌ a Ŷuŵďeƌ of ƌeasoŶs suĐh as a 
greater earning of trust or what their job role entails.  The Pearson Correlation Coefficient for this 
particular relationship has been calculated to be 0.052.  This means that there is a small correlation 
between aŶ eŵploǇee͛s age aŶd hoǁ ofteŶ theǇ might work from home, however as it does not fall 




















stage, it must be accepted that there is no significant correlation between the two variables.  If a 
greater sample size was obtained, there is a possibility that a more accurate calculation could be made.   
A significant response in terms of the relationship between age and working habits is where people 
feel the most productive.  Figure 5, shows the connection between age and how productive people 
felt when working from home compared to the office.     
Figures 5 & 6, confirm there is a correlation between home productivity and office productivity.  When 
put in terms of the Generational segregatioŶ, GeŶeƌatioŶ Y͛s teŶd to feel ŵoƌe pƌoduĐtiǀe iŶ the offiĐe, 
however the Generation X results suggest they are more productive when working from home.  When 
a Chi Square test is applied to the results, a Pearson Correlation Coefficient of 0.015 is calculated, 
meaning that this result is statistically significant as it falls within the 5% significance margin.  This 
result enhances the small correlation of the previous inquiry regarding frequency of home working.  
When combined, it means that Generation X workers are more likely to work from home and they feel 
more productive when so doing. 
As well as understanding where people feel more productive, a subsequent investigation into what 
types of work people undertake may also prove to be useful.  The Figure 8 shows the main office 
activities each of the age groups undertakes for the majority of their working day.  The questions were 
based around the participant identifying the main tasks that they undertake on a normal working day.  
These responses can then be analysed to establish what activities could be completed from home and 
what activities would require attendance in the office. 
 













Figure 6: I Can Work from Home Effectively 
 
  
Figure 7: Main Office Activities 
Figure 7, shows that the working activities completed by those in the Generation Y category are, 
predominantly, one-to-one telephone calls, computer based and concentrated work.  As a result, it 
could be said that this particular set of working tasks could be competed remotely and would not 
necessarily require attendance at the office.  However, those aged between 26 and 45 have to attend 
meetings more frequently and as a result those activities may require office attendance. 
In tandem with this, the answers to another question, relating to whether or not people felt they had 
all the required resources at home to undertake their work effectively, provides further insight. 
Figure 7, further attests that the younger workplace generations are reluctant or feel incapable of 
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effectively at home and they have all of the resources at home to enable them to do that.  The disparity 
could potentially be down to job role, however when analysed, it returns no significant correlation.  A 
way to investigate further would be to obtain a greater sample size so it is more reflective. 
Working Habits by Gender 
As well as departmental and age working habits, analysing working habits by gender may also provide 
valuable outcomes. Figure 8, displays the total gender frequencies out of the 61 questionnaire 
respondents.  
It also confirms that out of all those surveyed, the majority of respondents were male.  This may prove 
to be significant as the property and construction industry is already viewed as being male dominated- 
88% male to 12% female (Office for National Statistics, 2013).  The figures show the relationship 
between gender and different working habit variables. 
 
 























Figure 9: ͞I haǀe ǁorked froŵ hoŵe iŶ the last ŵoŶth͟ 
 
Figure 10: ͞I feel ŵore productiǀe ǁheŶ I ǁork froŵ hoŵe͟ 
The Figures 9 & 10, do not show any strong correlation between working from home in terms of 
frequency or perceived productivity and when a Chi Square test is run, there are no mathematical 
correlations between either of the variables in both cases.  Figure 11, however, does show a clear 




























Figure 11: How much time do you spend away from your desk? 
 
Conclusion 
The principal aim of this study was to develop a model of the real time use of a workplace in order to 
establish work use patterns which will go some way to assisting in the understanding of how such 
usage is evolving, thus enabling sustainable, smartly space planned workplaces to be designed.  In 
order to assess whether this aim has been achieved, the achievement of each objective will be 
examined. 
The first objective of this study, was to gain knowledge and understanding of the reasons why space 
planning and modern methods of working are evolving.  In order to fulfil this objective, a literature 
review was undertaken examining the various changes and evolutions that the workplace as changed 
and developed over time.  The primary reason for the change, as per the findings of the literature 
review, is the needs of the workforce.  Generational differences in the workplace mean that people 
do not work all the same way as flexible working becomes more of a priority.  Ultimately, the literature 
review revealed that there are no standardised and blanket solutions that can be applied to changing 
workplace needs and it is up to the office provider to meet those needs.  
The second objective was arguably the key to the study and meeting the aim.  It required the 
measurement of the real time use of an office based workplace using longitudinal sensor systems 
based upon a series of physical observations.  Patterns and trends could then be established across 
comparable office divisions such as department, gender and age.   
To satisfy the objective, five observations were made across five weeks, each on a different day at a 
different time.  The reasoning behind this was to understand what the usage and workplace density 
of the office was like on a given day which could be averaged over the course of the observations.  
This was completed and it found that although the average density was comparable to the BCO 
specifications, it was significantly lower than its potential maximum, given the number of desks.  
















Construction and Sales and Retention were the least likely to be at their desk.  This means that, based 
on the observations, the space in the office is not being efficiently used.   
To further test that theory, a number of sensors were installed throughout the office and the results 
from those tests support the findings of the observations.  The sensors under the desks of the building 
surveyors and the sales surveyors measured that, on average, they were away from their desks for 
around 50% of the working day in this brief case study. Following the proof of concept of the desk 
sensors further studies can be undertaken of greater length to establish if this is an industry wide 
trend. 
 The third objective was to use the data collected from the observations, longitudinal sensors and 
questionnaire and model it to show the real time usage.  This was completed through the visual 
interpretations of the sensors in figures 3-4 and the creation of the graphs from the questionnaire.  
From those models, it could be ascertained that the office is being largely under used.  Despite the 
fact that the maximum office density is 129 desks, the observations noted that the number rarely 
peaks above 100 and the average worker, from those sampled, was away from their desk for around 
50% of their working day.  From a space planning perspective, there is a considerable opportunity to 
design and create a better and more efficient use of the space.  By being able to accurately anticipate 
how often the desks are going to be used and who is going to use them accurate modern office design 
techniques can be implemented to utilise methods such as hot-desking and hoteling on a regular basis. 
Certain factors seemed to play a large part in determining who was most likely to be away from their 
desk at a given time including age, gender and job role/profession, and based on all the findings, the 
person most likely to be absent from the office is a male building surveyor aged between 35 and 46.  
The use of a ƋuestioŶŶaiƌe eŶaďled suďjeĐtiǀe opiŶioŶs ƌegaƌdiŶg people͛s peƌĐeptioŶs of their own 
use of office space, in understanding where they feel more productive.  The results from the research 
indicate that employees aged above 35 (i.e. Generation X and above) feel more productive when they 
work from home compared to when they work in the office.  This further contributes to the typical 
remote worker of a male building surveyor, aged between 35 and 46. 
Further Research 
One key point to raise following the completion of the study is the continuation of occupational 
density surveys throughout different times of the year and in different sectors of the workplace.  The 
longitudinal sensor survey in this piece of research was relatively limited as there were only ten 
sensors available to be installed in a single office in a fixed location in the UK.   
A further study into this area might look into the differences across certain industry sectors, not just 
the property and real estate sector and be able to draw comparisons or parallels.  An even more 
extended study would be to undertake a similar survey in organisations of varying sizes and cultures. 
Ultimately, the employee is the driving factor behind the changes to the face of office based work.  As 
complex of an issue it is, understanding the worker is a crucial factor when it comes to trying to cater 
for their needs and wants.  Generational differences play a significant part in workplace habits, as this 
study has shown.  Further research in this field may explore what the differences are likely to be in 
the future and businesses themselves must know what the generational breakdown of their workforce 
is and where it is heading towards. 
Research has already begun on how agile working practices affect the perceived benefits of team 
working by analysing out of hours socialising habits of employees who work away from the office. 
  
 
While opinion on this matter remains divided, further research may be needed to identify trends in 
workplace design and look at what type of schemes leading office designers are putting into place.  
New office refurbishments and fit outs are becoming more and more innovative and creative in order 
to inspire, stimulate and motivate an increasingly creative workforce.   
‘eseaƌĐh ŵaǇ ďe uŶdeƌtakeŶ iŶ this aƌea to estaďlish the eǆteŶt to ǁhiĐh the desigŶ of a ĐoŵpaŶǇ͛s 
office determines how desirable they are to work for. Moreover, another area of further research is 
hoǁ likelǇ aŶ ͞offiĐe ǁaƌs͟ tǇpe sĐeŶaƌio ǁill oĐĐuƌ; with businesses constantly trying to surpass one 
another with new and more advanced office designs and working arrangements. 
It is quite clear from the research that the introduction of new working practices is not appropriate 
for everyone and each worker will have their own preferred way of working.  The important detail is 
for companies to recognise what those needs are and be able to cater for them, as well as all of the 
otheƌ ǁoƌkeƌs͛ Ŷeeds, iŶdepeŶdeŶtlǇ.  This fuŶdaŵeŶtal ĐhaŶge is at the heaƌt of the workplace 
revolution and is the very reason why there has been such a change in workplace practices.  The very 
Ŷatuƌe of people͛s attitudes, eǆpeĐtatioŶs aŶd ďehaǀiouƌ is eǀolǀiŶg eǆpoŶeŶtiallǇ, aŶd the ǁoƌkspaĐe 
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